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TIME-INTERLEAVED SAMPLING OF 
VOLTAGES FOR IMPROVING ACCURACY 
OF TEMPERATURE REMOTE SENSORS 

RELATED APPLICATION 

This utility patent application claims the bene?t under 35 
United States Code §119(e) of US. Provisional Patent 
Application No. 60/325,700 ?led on Sep. 27, 2001. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and apparatus 
for electronic temperature sensing and recording devices. 
More speci?cally, the present invention is directed to 
improving the accuracy of temperature measurements made 
during temperature changes by interleaving bias currents of 
a forWard-biased PN junction in a remote temperature 
remote sensor (“remote sensor”). Temperature measure 
ments are made by applying tWo different currents to the PN 
junction and measuring the resulting potential across the PN 
junction. Temperature calculations are made by determining 
the difference (“AVfor”) betWeen the measured voltages for 
each applied current. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method and appa 
ratus that improves temperature measurements made With a 
remote sensor. More speci?cally the present invention is 
directed toWards a method and apparatus that improves the 
accuracy of temperature measurements that are made during 
temperature changes by interleaving bias currents of a 
forWard-biased PN junction in a remote sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of an eXample 
time-interleaved sampling temperature measurement system 
in accordance With the present invention. 

FIG. 2 is a graph illustrating various bias currents being 
used to measure a rising temperature in accordance With the 
present invention. 

FIG. 3 is a schematic diagram of an eXample sensor 
driving and sampling unit in accordance With the present 
invention. 

FIG. 4 is a graph illustrating the function of tWo control 
signals of an eXample embodiment for providing tWo dif 
ferent current densities in accordance With the present 
invention. 

FIG. 5 is a graph illustrating an exemplary voltage pro 
duced across a PN junction in a remote sensor as a function 

of the temperature of the PN junction and the current density 
applied to the PN junction in accordance With the present 
invention. 

FIG. 6 is a How diagram of an eXample method for 
time-interleaved sampling of voltages produced across a 
temperature-sensitive PN junction using tWo sequences of 
bias currents in accordance With the present invention. 

FIG. 7 is a How diagram illustrating a method for applying 
a ?rst sequence of bias currents and measuring a resulting 
potential on a remote sensor in accordance With the present 
invention. 

FIG. 8 is a How diagram illustrating a method for calcu 
lating a temperature for the PN junction in a remote sensor 
in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Throughout the speci?cation, and in the claims, the term 
“connected” means a direct electrical connection betWeen 
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2 
the things that are connected, Without any intermediary 
devices. The term “coupled” means either a direct electrical 
connection betWeen the things that are connected, or an 
indirect connection through one or more passive or active 
intermediary devices. The term “circuit” means one or more 

passive and/or active components that are arranged to coop 
erate With one another to provide a desired function. The 
term “signal” means at least one current signal, voltage 
signal, electromagnetic Wave signal, or data signal. The 
meaning of “a” “an”, and “the” include plural references. 
The meaning of “in” includes “in” and “on”. 

The present invention is directed to a method and appa 
ratus that improves the accuracy of measurements from a 
remote sensor. In one example, a data-acquisition system is 
used to monitor the temperature of a remote sensor in a 
remote system by measuring the changes in voltages across 
a PN junction in the remote sensor that occur due to changes 
in temperature of the PN junction. 

FIG. 1 is a schematic block diagram of an eXample 
time-interleaved sampling temperature measurement system 
in accordance With the present invention. The time 
interleaved sampling temperature measurement system 
(100) includes a data acquisition system (102) and a remote 
system (104). The remote system (104) may be located in the 
same substrate, or a different substrate, as the substrate 
containing the data acquisition system (102). The data 
acquisition system (102) includes a sensor driving and 
sampling unit (106) and a control unit (108). The sensor 
driving and sampling unit (106) includes a programmable 
current source (110), a bias circuit (112), and an analog-to 
digital converter (ADC, 114). The control unit (108) 
includes a controller (116) and an optional temperature log 
(118). The remote system (104) includes a remote sensor 
(120). 
The remote sensor (120) is illustrated as a PNP transistor 

that has an emitter that is coupled to a node DXP and a base 
that is coupled to a node D><N. The a programmable current 
source (110) includes an output that is coupled to the node 
D><P and an input that is coupled to the controller (116). The 
ADC (114) includes a differential input that is coupled to the 
node D><P and the node D><N, and an output that is coupled 
to an input of the controller (116). The controller (116) is 
also coupled to the optional temperature log (118). 

Temperature measurements of a PN junction in the remote 
sensor (120) are measured by applying currents, measuring 
resulting voltages, and calculating a temperature based on 
the resulting voltages. The programmable current source 
(110) provides tWo currents to the PN junction. The currents 
are applied so that the PN junction in the remote sensor 
(120) is forWard-biased. The resulting voltages across the 
PN junction from each applied current is sampled With the 
ADC (114). In an alternate embodiment, the voltage across 
the PN junction in the remote sensor (120) maybe over 
sampled (such that many samples are taken for a selected 
bias current). In various embodiments, the ADC (114) may 
be implemented by a converter such that the values pro 
duced by the converter may be processed Within an analog 
environment, a digital environment, or a miXed-signal envi 
ronment. The samples may be averaged to reduce the effects 
of noise and to enhance the accuracy of calculations using 
values derived by the analog-to-digital conversions. 
Samples are typically made at regular intervals such that 
each sample is separated from other samples by substantially 
equal time differences. Substantially equal time differences 
are Within 90 per cent of a desired value. 
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Temperature calculations can be determined according to 
the following formula: 

_ qAvfo, (I) 

_ qKlnuv)’ 

Where it 
T=absolute temperature in degrees Kelvin; 
q=the charge on the carrier (electron charge); 
AVfor=change in the forWard-biased voltage; 
K=BoltZmann’s constant; 
N=ratio of the tWo applied currents; and 
n=ideality factor of the diode. 
The ratio (N) can be realiZed as a combination of area 

ratios of the PN junctions using a common current, a ratio 
of currents across tWo PN junctions that have the same area, 
or a combination thereof In the case Where the PN junctions 
have the same area, the change in the forWard-biased diode 
voltage (AVfOr) can be determined by subtracting the mea 
sured voltages that resulted by applying tWo different cur 
rents. The tWo PN junctions ideally should have the same PN 
junction temperature despite the fact that they cannot eXist 
in the eXact same physical location. 

Similarly, a single PN junction (including “stacked 
diodes” and PN junctions in parallel) can be used to deter 
mine the ratio (N) by successively applying tWo different 
currents to the single PN junction. Using a single PN 
junction also reduces the area required for implementing the 
circuitry. HoWever, the temperature of the PN junction may 
vary betWeen the successive voltage measurements from the 
tWo different applied currents. Errors in the value of the 
calculated temperature may result from variations in tem 
perature betWeen successive measurements of the forWard 
biased voltage. Errors arc more likely to occur When the PN 
junction is in a remote system Where the PN junction is not 
affected by the thermal mass of a package containing the 
data acquisition system (102). Without suf?cient thermal 
mass, the temperature of the PN junction can change rapidly 
With respect to the sampling rate of the remote sensor (120). 
Keeping the time betWeen applications of the successive 
currents relatively small can reduce the magnitude of errors 
due to temperature drift of the PN junction. 

The present invention diminishes the effects of variances 
in the temperature of the PN junction-based remote sensor 
(120) by using time-interleaved sampling of voltages across 
the PN junction. An eXample embodiment of the time 
interleaved sampling temperature measurement system 
divides the time in Which measurements for a temperature 
calculation are made into tWo phases. In a ?rst phase, 
forWard-biased voltages of the remote sensor (120) are 
sampled using at least tWo different bias currents. The bias 
currents used to perform the voltage measurements in the 
?rst phase are ordered Within a ?rst set of bias currents. A 
second set of bias currents having the currents ordered in a 
reverse order (relative to the ?rst set) is used for sampling 
forWard-biased voltages of the remote sensor (120) in the 
second phase. 

FIG. 2 is a graph illustrating various bias currents that are 
used to measure a rising temperature in accordance With the 
present invention. As shoWn in FIG. 2, the ?rst set of bias 
currents may comprise the currents “1x” and “10x,” While 
the second set of bias currents may comprise the currents 
“10x” and “1x.” Using these eXample sets of currents, the 
“1x” current and the “10x” current are applied in turn during 
the ?rst phase While voltage measurements are taken for 
each current. During the second phase, the “10x” and “1x” 
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4 
currents are applied in turn With voltage measurements 
being taken for each current. Thus, a pattern of “1x 10x 10x 
1x” of bias currents is applied. The pattern has a midpoint 
that is equidistant in time from When the ?rst and the last 
elements in the pattern. The pattern of “1x 10x 10x 1x” can 
be repeated, for eXample, 10 times While using a different 
current source for the “1x” current in each pattern. (See, 
FIG. 4 beloW.) For example, the 10x current can be derived 
from 10 individual current sources, Wherein each individual 
current source supplies one-tenth of the 10x current. 

Using each of the different individual current sources for 
the 1x element in a series of repeated patterns alloWs 
averaging of measurements that Were made from different 
individual current sources. Averaging such measurements 
increases the accuracy of the temperature calculations. In 
one embodiment, each individual current source (e.g., a 1x 
current source) is used to collectively produce the larger 
value (e.g., a 10x current value). During each repeated 
pattern, a different individual current source is applied as the 
smaller value (e.g., a 1x current value). Using each of the 
individual current sources for the smaller current value 
alloWs the errors produced by variations of the individual 
current sources to be minimiZed through averaging. 
As discussed above, a measurement error Will occur When 

calculating the temperature if the temperature has changed 
betWeen measurements of the forWard biased PN junction 
voltage corresponding to the “1x” and the “10x” current. In 
practice, temperature changes typically do not have both a 
large change in temperature and direction relative to the 
remote sensor (120) sampling rate. When the second set of 
currents is in a reverse order, the errors that result from 
applying the second set of currents Will tend to cancel the 
errors resulting from applying the ?rst set of currents. As 
such, the errors from each set of currents Will offset one 
another, such that the accuracy of the temperature calcula 
tion is improved. 
The measurements obtained from applying both sets of 

bias currents are mathmatically combined to produce a 
numerical quanti?er that describes the temperature of the 
remote sensor (120). In an eXample embodiment, the ?nal 
temperature may be quanti?ed by obtaining a numerical 
average of the remote sensor (120) samples for each set of 
applied currents. Amore accurate temperature calculation is 
achieved by averaging remote sensor (120) voltages from 
both sets of currents Where errors resulting from a changing 
temperature Will tend to cancel out. 
Where the second set contains the elements of the ?rst set 

in reverse order, the last member of the ?rst set and the ?rst 
member of the second set are equal current levels. In other 
embodiments, the results of the voltage measurement for the 
last current of the ?rst set may accordingly be used in place 
of the voltage measurement for the ?rst current of the second 
set. In these embodiments, the step of applying the ?rst 
current of the second step and the measuring the resulting 
voltage may be omitted. For eXample, Where the ?rst and 
second sets produce an ordered sequence of “10x 1x 1x 
10x,” the sequence may be modi?ed to “10x 1>< 10x.” 

FIG. 3 is a schematic diagram of an eXample sensor 
driving and sampling unlit (106) that is in accordance With 
the present invention. The sensor driving and sampling unit 
(106) contains an array of 16 current sources (301—316), a 
sWitch array (318), an ADC (114), a bias circuit (112), and 
a remote sensor (120). Identical components from FIG. 2 are 
labeled and connected identically in FIG. 3. The discussion 
concerning the remote sensor (120) and the bias circuit (112) 
are identical to that Which is discussed previously. 
The sWitch array (318) is coupled betWeen the output of 

the current sources (301—316) and the node D><P. Signal 
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X16Enable and signal X1Select are coupled to the input of 
the switch array (318). The ADC (114) has an input that is 
coupled to the node D><P, the node D><N, a signal bus output 
OUTN, a common mode input signal VCM, a full-scale input 
signal VFS, and signal bus Control Logic input from the 
controller (not shoWn, 116). The bias circuit (112) is coupled 
to the node D><N. 

The sWitch array (318) provides at least tWo levels of 
current by selectively coupling one or more current sources 
(301—316) to the node D><P. If the current sources (301—316) 
each provide equal current densities, the current ratio of 16 
to 1 may be provided by sWitching on all 16 current sources 
(301—316) for one current level and by sWitching on only 
one current source (e.g., 301) for another current level. Also, 
individual current sources may be activated at different 
times such that a desired programmable current level may be 
realiZed by selectively activating different current sources. 
For example, each equally siZed current source can be 
activated sequentially for remote sensor (120) measure 
ments such that the same current density is provided from 
differing current sources. The current sources may be siZed 
differently such that integer and noninteger current ratios of 
greater than one can be achieved. 

In operation, the controller (116) uses the signals 
X16Enable and X1Select to program the sWitch array (318). 
The controller (116) may be implemented as a 
microprocessor, a microcontroller, hardWired logic, a state 
machine, and the like. Mathmatical functions provided by 
controller (116) may be implemented as algorithms embod 
ied in softWare or ?rmWare, implemented using physical 
devices, or implemented as a combination of both. For 
example, a function for averaging may be implemented as an 
average calculator. An average calculator uses an adder to 
?nd the sum of input digits and then uses a divider to divide 
the sum by the number of input digits. 

The sWitch array (318) is selectively activated to provide 
a 1x current density or a 16x current density. Activating 
signal X1Select causes one of the current sources (at a 1x 
current density) to be applied to the remote sensor (120), 
While activating X16Enable causes all of the current sources 
(notWithstanding the state of the signal X1Select) to be 
applied to the remote sensor (120). The applied current and 
the voltage applied to the base of the remote sensor (120) by 
the bias circuit (112) cause a voltage to develop across the 
PN junction in the remote sensor (120). This voltage is 
dependent upon the temperature of the PN junction in the 
remote sensor (120). 

The controller (116) initiates a voltage measurement of 
the remote sensor (120) by signaling the ADC (114) using 
the signal bus Control Logic. The ADC (114) may be 
implemented by any type of converter (e. g. ?ash, successive 
approximation, and the like) that is capable of performing an 
analog-to-to digital conversion Within a required time inter 
val. A loW pass ?lter may be used at the input of the ADC 
(114) to reduce system noise. Undesirable noise may be 
induced upon the voltage from the PN junction in the remote 
sensor (120) by unstable poWer rails, inductive coupling, 
and the like. Asample and hold device may not be necessary 
at the input of the ADC (114) because the temperature (and 
the signal that conveys the temperature) typically Will not 
vary rapidly With respect to the sampling rate. AWide range 
of implementations of the control logic Will be suitable. The 
controller (116) retrieves the voltage measurement from the 
ADC (114) by reading the signal bus OUTN. Signals VCM 
and signal VFS apply a common mode voltage and a 
full-scale voltage to the ADC (114). 

FIG. 4 is a graph illustrating the function of tWo control 
signals of an example embodiment for providing tWo dif 
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6 
ferent current densities in accordance With the present 
invention. The operation of the X16Enable and X1Select 
signals is shoWn over a period of eight segments of time. The 
X16Enable and X1Select signals are arranged to selectively 
control 16 individual current sources. For example, When 
X16Enable is high, a 16x current is applied to the remote 
sensor (120) by enabling all 16 current sources simulta 
neously (regardless of the state of X1Select). When 
X16Enable is loW, the X1Select signal provides a 4-bit 
control number (or alternatively 16 control lines or other 
suitable encoding) that is used to activate a selected one of 
the 16 current sources such that a 1x bias current from the 
selected current source is provided to the remote sensor 

(120). 
During each of the eight time segments illustrated in FIG. 

4, a ?rst sequence and a second sequence of current densities 
are applied to the remote sensor (120). During the ?rst 
sequence of each segment the current densities 16>< and 1x 
are applied in order to the remote sensor (120). During the 
second sequence the current densities 1x and 16x are 
respectively applied to the remote sensor (120). 
Alternatively, other patterns may be applied. For example, a 
?rst sequence may include the pattern “16x 1x 1x” and a 
second sequence may include the pattern “1x 1x 16x.” Also, 
a random or pseudorandom pattern can be applied. A pseu 
dorandom sequence contains an even distribution of currents 
of each density. 

In the ?rst time segment, the current density 16>< is 
initially applied to the remote sensor (X16Enable is 
activated). The value of X1Select determines Which of the 
current sources Will be activated to supply a 1x current 
density When X16Enable transitions to an inactive state. For 
example, a value of “0” for X1Select is used to select the 
?rst current source (IO). Thus, IMEAS (Which is the current 
applied to the remote sensor) is equal to IT(Wh1Ch is the 16x 
current density) and I0 (Which is a 1x current density derived 
from the ?rst current source) for the ?rst sequence of the ?rst 
time segment. 

During the second half of each segment, the second 
sequence is applied. Here, X1Select corresponds to a value 
of “1” and the second current source (I1) With a current 
density of 1x is selected. When X16Enable becomes active 
at the end of the segment, all current sources are activated 
again so that a current density of 16x is applied. Thus, I ME A S 
is equal to I1 (Which is a 1x current density derived from the 
second current source) and IT for the second sequence of the 
?rst segment. In this example, X1Select is incremented each 
time a 1x current density is applied so that all 16 current 
sources are individually applied Within the space of eight 
time segments. Applying the 16 current sources individually 
alloWs the effects of mismatched individual current sources 
to be minimiZed by averaging the voltages that are produced 
across the PN junction by the mismatched individual current 
sources over time. 

FIG. 5 is a graph illustrating an exemplary voltage pro 
duced across a PN junction in a remote sensor (120) as a 
function of the PN junction temperature and applied current. 
The graph illustrates generally that the voltage produced 
across the PN junction in the remote sensor (120) decreases 
in response to a rise in PN junction temperature. The “square 
Wave” appearance of the voltage signal produced across the 
PN junction in the remote sensor (120) is the result of 
applying alternating current densities to the PN junction. For 
example, a 16x current produces a higher voltage (V1), 
While a 1x current produces a loWer voltage (V2). The 
combined result of the change in temperature and the 
alternating current densities produces a change in the height 
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of the “square Wave” (i.e. produces a change in AVfO, as 
described above With reference to Formula 1). The ratio of 
applied current densities (16x, here) and the measured 
voltages can be used to calculate the temperature of the PN 
junction as previously described. 

FIG. 6 is a How diagram of an example method for 
time-interleaved sampling of voltages produced across a 
temperature-sensitive PN junction in accordance With the 
present invention. Processing begins at block 602 (apply and 
measure ?rst sequence) Where a ?rst sequence of bias 
currents is applied to the PN junction. The resulting voltages 
are measured across the PN junction. Processing proceeds 
from block 602 to block 604. In block 604 (apply and 
measure second sequence), a second sequence of bias cur 
rents is applied to the PN junction and the resulting voltages 
are measured. Processing proceeds from block 604 to block 
606. In block 606 (calculate temperature), the measured 
resulting voltages from block 602 and block 604 are used to 
produce a numeric indeX that describes the effect of tem 
perature upon the PN junction. 

The apply and measure ?rst sequence routine is described 
beloW With reference to FIG. 7. The apply and measure 
second sequence routine operates similarly to the apply and 
measure ?rst sequence routine, eXcept that the routine is 
used to apply a second sequence of bias currents. Optionally, 
the ?rst and second sequence of bias currents may be 
combined such that the combination comprises a random or 
pseudorandom sequence of bias currents. The calculate 
temperature routine is described beloW With reference to 
FIG. 8. 

FIG. 7 is a How diagram illustrating a method for applying 
a sequence of bias currents and measuring a resulting 
potential on a remote sensor (120) (i.e., a PN junction). 
Beginning at block 702 (select ?rst bias current in 
sequence), the ?rst bias current in the sequence is selected. 
Processing continues at block 704 (apply selected bias 
current to remote sensor) Where the selected current is 
applied to the remote sensor (120). Proceeding to block 706 
(sample voltage across remote sensor), the voltage across the 
remote sensor (120) is sampled While the selected current is 
applied to the remote sensor (120). Proceeding from block 
706 to block 708 (store measurement), the sample obtained 
from the ADC (114) is stored in the temperature log (118) or 
other suitable memory device. Processing continues at deci 
sion block 710 (last in sequence?), Where the currently 
selected bias current is evaluated to determine if it is the last 
bias current in the sequence. When the currently selected 
bias current is not the last one in the sequence, processing 
continues to block 712. At block 712 (select neXt bias 
current), the neXt bias current in the sequence is selected and 
processing ?oWs to block 704. Returning to decision block 
710, processing ?oWs to block 714 (END) When the last bias 
current in the sequence has been used. At block 714, 
processing is terminated. 

The ?rst and second sequences of bias currents can be 
processed using FIG. 7. In an eXample embodiment, the 
second sequence is the same as the ?rst sequence, eXcept 
that the second sequence is in reverse order With respect to 
the ?rst sequence. Either the last bias current of the ?rst 
sequence or the ?rst bias current of the second sequence may 
be omitted if the last bias current of the ?rst sequence is the 
same as the ?rst of bias current of the second sequence. The 
results of the non-omitted bias current may be used in place 
of the omitted bias current for purposes of calculating the 
temperature of the PN junction in the remote sensor (120). 

FIG. 8 is a How diagram illustrating a method for calcu 
lating a temperature for the PN junction in a remote sensor 
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8 
(120) in accordance With the present invention. Beginning at 
block 802 (average samples), a numeric average for the 
samples from each bias current in a segment of time is 
determined. For example, all samples associated With a 16x 
current that Were made during the period for Which the 
temperature is to be calculated are averaged together, and all 
samples associated With a 1x current that Were made during 
the period for Which the temperature is to be calculated are 
averaged. The samples to be averaged may be samples taken 
during oversampling the voltage of the PN junction in the 
remote sensor (120). The samples to be averaged may also 
be samples that are made When different current sources that 
have the same current density are applied. 

Processing continues at block 804 (determine AVfOr), 
Where AVfO, is calculated by subtracting the average of the 
samples made When applying the higher bias current from 
the average of the samples derived from the loWer bias 
current. Other algebraic manipulations of the calculation are 
possible. For eXample, each AVfO, can be determined by 
subtracting the sample derived from a loWer bias current 
from a sample derived from an adjacent-in-time higher bias 
current and then the sequence of determined AVfors can be 
averaged to produce a single AVfOr. 

Proceeding from block 804 to block 806 (calculate remote 
sensor temperature) the temperature for the PN junction in 
a remote sensor (120) is calculated using equation (I), 
described above. Certain calculations required by the for 
mula may be calculated in advance in order to more quickly 
calculate temperatures at runtime. For eXample, factors that 
remain constant may be calculated in advance for later use. 
In another eXample, constant factors that merely “scale” the 
resulting temperature may be left out of the calculation. 
Additionally, lookup tables can be used to perform calcula 
tions or determine various actions to be taken. 

Proceeding from block 806 to block 808 (report calcu 
lated temperature), the calculated temperature is stored in 
the temperature log (118) for further dissemination. The 
determined temperature can be used for various purposes 
including instrumentation, control of a process for making 
articles of manufacture, changing clock speeds of a 
processor, shutting doWn parts of a circuit to alloW for 
cooling and poWer conservation, and the like. Proceeding 
from block 808 to block 810, processing is terminated. 
The above speci?cation, examples and data provide a 

complete description of the manufacture and use of the 
composition of the invention. Since many embodiments of 
the invention can be made Without departing from the spirit 
and scope of the invention, the invention resides in the 
claims hereinafter appended. 
We claim: 
1. A method of determining a temperature from a remote 

sensor, comprising: 
producing a ?rst current level; 
producing a second current level that is different from the 

?rst current level; 
applying a sequence of the ?rst and second current levels 

to the remote sensor circuit Wherein the sequence is 
selected from a random sequence, a pseudorandom 
sequence, and an ordered sequence that comprises 
applying the ?rst current level at a ?rst and a last time 
and applying the second current level at a second and 
a neXt-to-last time; 

measuring ?rst voltages from the remote sensor circuit 
When the ?rst current level is applied; 

measuring second voltages from the remote sensor circuit 
When the second current level is applied; 
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determining a temperature value from the ?rst and second 
measured voltages. 

2. The method of claim 1, Wherein the temperature value 
is calculated by: 

determining a ?rst average using the ?rst measured volt 
ages; 

determining a second average using the second measured 
voltages; and 

using the ?rst and second averages to calculate the 
temperature value. 

3. The method of claim 1, Wherein the temperature value 
is calculated by: 

determine a ?rst difference betWeen the ?rst and second 
measured voltages When the ?rst current level is 
applied folloWed by the application of the second 
current level; 

determining a second difference betWeen the ?rst and 
second measured voltages that occur upon the change 
from applying a second current level to applying a ?rst 
current level; and 

calculating the temperature value from the ?rst and sec 
ond differences. 

4. The method of claim 1, Wherein the method for 
applying the sequence of the ?rst and second current levels 
further comprises applying a third current level to a remote 
sensor circuit and Wherein the step of determining the 
temperature value further comprises determining the tem 
perature value from the third current level. 

5. The method of claim 1, further comprising applying the 
sequence to the remote sensor circuit at a second time, 
Wherein a second current source is used at the second time 
to apply a current for the lesser of the ?rst and second current 
levels, Wherein the second current source is different from a 
?rst current source that is used at the ?rst time to apply a 
current for the lesser of the ?rst and second current levels. 

6. A system of determining a temperature from a remote 
sensor, comprising: 

means for producing a ?rst current level; 

means for producing a second current level that is differ 
ent from the ?rst current level; 

means for applying a sequence of the ?rst and second 
current levels to the remote sensor circuit, Wherein the 
sequence is selected from a random sequence, a pseu 
dorandom sequence, and an ordered sequence that 
comprises applying the ?rst current level at a ?rst and 
a last time and applying the second current level at a 
second and a neXt-to-last time; 

means for measuring ?rst voltages from the remote sensor 
circuit When the ?rst current level is applied; 

means for measuring second voltages from the remote 
sensor circuit When the second current level is applied; 

means for determining a temperature value from the ?rst 
and second measured voltages. 

7. The system of claim 6, Wherein the temperature value 
is calculated by: 

means for determining a ?rst average using the ?rst 
measured voltages; 

means for determining a second average using the second 
measured voltages; and 

means for using the ?rst and second averages to calculate 
the temperature value. 

8. The system of claim 6, Wherein the temperature value 
is calculated by: 

means for determining a ?rst difference betWeen the ?rst 
and second measured voltages When the ?rst current 

10 

15 

25 

35 

40 

45 

55 

65 

10 
level applied is folloWed by the application of the 
second current level; 

means for determining a second difference betWeen the 
?rst and second measured voltages that occur upon the 
change from applying a second current level to apply 
ing a ?rst current level; and 

means for calculating the temperature value from the ?rst 
and second differences. 

9. The system of claim 6, Wherein the means for applying 
the sequence of the ?rst and second current levels further 
comprises means for applying a third current level to a 
remote sensor circuit and Wherein the means for determining 
the temperature value further comprises means for deter 
mining the temperature value from the third current level. 

10. A system for determining temperature from a remote 
sensor circuit that includes a PN junction, comprising: 

a programmable current source that is coupled to the 
remote sensor circuit such that the programmable cur 
rent circuit provides a bias current to the PN junction 
When activated, Wherein the bias current has an asso 
ciated level that is selected from at least a ?rst current 
level and a second current level; 

a controller con?gured to selectively apply: 
a ?rst control signal to the programmable current 

source at a ?rst time such that the associated level of 
the bias current at the ?rst time corresponds to the 
?rst current level; 

a second control signal to the programmable current 
source at a second time such that the associated level 
of the bias current at the second time corresponds to 
the second current level; 

a third control signal to the programmable current 
source at a third time such that the associated level 
of the bias current at the third time corresponds to the 
second current level; and 

a fourth control signal to the programmable current 
source at a fourth time such that the associated level 
of the bias current at the fourth time corresponds to 
the ?rst current level; 

a converter that includes an input that is coupled to the 
remote sensor circuit, and an output that is con?gured 
to provide voltage values that correspond to a voltage 
across the PN junction at the ?rst, second, third, and 
fourth times; and 

a processor that is coupled to the output of the converter, 
Wherein the processor calculates a temperature value in 
response to the voltage values that are produced at the 
?rst, second, third, and fourth times. 

11. The system of claim 10, the programmable current 
circuit further comprising a ?rst current source that is 
arranged to selectively produce the ?rst current level and a 
second current source that is arranged to selectively produce 
the second current level. 

12. The system of claim 10, Wherein the ?rst current level 
and the second current level are related to one another by a 
ratio having a value that is greater than one. 

13. The system of claim 10, Wherein the converter is 
con?gured to oversample the voltage across the PN junction 
at the ?rst, second, third, and fourth times such that a 
multiplicity of output codes are produced for each of the 
?rst, second, third, and fourth times. 

14. The system of claim 10, further comprising: 
a ?rst difference betWeen the ?rst and second times; 
a second difference betWeen the second and third times; 

and 
a third difference betWeen the third and fourth times such 

that each of the ?rst, second, and third difference is 
substantially equal to one another. 
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15. The system of claim 10, the processor comprising: 
a ?rst average calculator that is arranged to provide a ?rst 

temperature average in response to the voltage values 
from the ?rst and fourth times; 

a second average calculator that is arranged to provide a 
second temperature average in response to the voltage 
values from the second and third times; and 

a temperature calculator that is arranged to calculate the 
temperature value in response to the ?rst and second 
temperature averages. 

16. The temperature sampling system of claim 15, the ?rst 
average calculator further comprising: 

an adder that is arranged to provide a sum of the voltage 
values from the ?rst and fourth times; and 

a divider that is arranged to provide the temperature value 
by dividing the sum of the voltage values by a factor 
equal to the number of the voltage values from the ?rst 
and fourth times. 

17. The temperature sampling system of claim 10, the 
processor further comprising: 

a ?rst subtracter that is arranged to provide a ?rst differ 
ence in response to the voltage values from the ?rst and 
second times; 

a ?rst temperature calculator that is arranged to provide a 
?rst initial temperature in response to the ?rst differ 
ence; 

a second subtracter that is arranged to provide a second 
difference in response to the voltage values from the 
third and fourth times; 
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a second temperature calculator that is arranged to receive 

the second difference as an input and provides a second 
initial temperature as an output in response to the 
second difference; and 

an average calculator that is arranged to calculate the 
temperature value in response to the ?rst and second 
initial temperatures. 

18. The system of claim 17, the average calculator ?Xer 
comprising: 

an adder that is arranged to provide a sum of the ?rst and 
second initial temperatures; and 

a divider that is arranged to provide the temperature value 
by dividing the sum of the ?rst and second initial 
temperatures by a factor of tWo. 

19. The system of claim 10, the programmable current 
circuit further comprising a plurality of current sources that 
are con?gured to selectively produce the ?rst and second 
current levels. 

20. The system of claim 19, Wherein a selected one of the 
plurality of current sources is selected for the ?rst current 
level and the second current level. 

21. The system of claim 19, Where the programmable 
current circuit is con?gured to selectively enable one of the 
plurality of current sources to produce the ?rst current level, 
and also con?gured to selectively enable all of the plurality 
of current sources to produce the second current level. 

22. The system of claim 21, Wherein the programmable 
current circuit is arranged to enable each of the plurality of 
current sources at different times. 
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